Yeasts and molds can grow on or in eggs, causing spoilage. Washed and unwashed eggs (treatments) were collected aseptically on three separate days (replications) from a commercial processing facility and stored for 10 weeks at 4°C. Ten eggs from each treatment were sampled weekly (110 eggs per treatment per replication). Yeasts and molds were enumerated from external shell rinses by plating onto acidified potato dextrose agar. Yeast colonies were picked randomly and stored for subsequent identification by gas chromatographic analysis of fatty acid methyl esters using the MIDI Microbial Identification System. Of 688 isolates analyzed, 380 were identified to genus or species. Genera identified by this method included Candida, Cryptococcus, Hansen ala, Hvphopichia, Metschnikowia, Rhodotorula, Sporoboloin yces, and Torulaspora. Candida spp. accounted for 84.5% (321 of 380) of the isolate identifications. Candida famata was the most prevalent species (n = 120), followed by Candida lusitaniae (n = 38). A group of 20 isolates was subjected to molecular or biochemical analyses for comparison with the MIDI results. Biochemical tests were performed using automatic and mini systems. Results of biochemical tests and ribosomal DNA sequencing were in agreement for 11 of the isolates, but only 7 of the 20 MIDI-identified isolates were in agreement with the sequencing results. C. famata, an anamorph of Debaryom yces hansenii var. hansenii, was the most commonly identified isolate by all methods. These data indicate that there was limited correlation between results obtained with the MIDI system and the information obtained from molecular databases. However, both systems were able to correctly identify C. famata, the species most often isolated throughout egg storage.
Yeasts and molds are able to withstand harsh environmental stresses and can grow on or in eggs and cause spoilage (1, 11). When eggs are packed while wet or stored at high relative humidity, fungi can contribute to important quality concerns (12) . Egg meats readily pick up off odors, including those caused by fungal growth. Yeasts and molds are commonly isolated from shell eggs (5, (9) (10) (11) .
In 2002, Hinton et al. (4) published information on the progression of yeasts associated with chicken broiler carcasses over a 4-week storage period. A method based on gas chromatographic analysis of yeast fatty acid methyl esters was used to identify yeasts to genus or species (4) . This article includes one of the few published descriptions of broiler-associated yeasts present on carcasses at all stages of processing and during refrigerated storage. A study was conducted in 2003 in which washed and unwashed eggs were stored at 4°C for 10 weeks (5). Yeasts and molds were one of the populations monitored. Fatty acid gas chromatographic methodologies described by Hinton et al. (4) were applied to yeast isolates randomly collected from agar plates used to enumerate yeasts and molds from egg shells during refrigerated storage. Fungal taxonomy is fairly complicated, making it difficult for researchers not specializing in mycology to interpret results (2, 10 (3, (6) (7) (8) . A molecular method that analyzes the variable Dl/D2 domain of large-subunit (26S) ribosomal DNA is considered the "gold standard" for yeast identification (6) (7) (8) . The present study was conducted to identify yeasts associated with washed and unwashed eggs and to provide a limited comparison of fatty acid profiles, molecular methods, and biochemical test results.
MATERIALS AND METHODS
Washed and unwashed eggs (treatments) were collected aseptically on three separate days (replications) from a commercial processing facility and stored for 10 weeks at 4°C. Unwashed eggs were collected from the accumulator belt as eggs entered the facility from the hen houses. Washed eggs were collected after they had been washed and inspected for cleanliness and quality attributes. Enough eggs were collected so that 10 eggs from each treatment could be sampled weekly. Yeast and mold populations were enumerated from external rinses of the shells by plating the rinse onto acidified potato dextrose agar (PDA; Becton Dickinson, Sparks, Md.) incubated at 26°C for 5 days. Prevalence and level data were described in a previous report (5) . Yeast colonies were a Determined by gas chromatographic analysis of fatty acid content using the MIDI Sherlock Microbial Identification System. "Total number of isolates for each species identified from weeks 0 through 10.
picked randomly (at least one per plate), purified by repassage on Sabouraud dextrose agar (Becton Dickinson), and stored for subsequent identification. An antibiotic-resistant supplemented medium of neutral pH is recommended for recovering yeasts and molds from food. The number and type of yeasts recovered in this study may have been affected by the acidified plating medium used (I). Procedures for growth of yeasts, extraction of fatty acid methyl esters, and gas chromatographic analysis of extracted fatty acid methyl ester content using the Sherlock Microbial Identification System (Microbial Identification System: MIDI, Inc., Newark, Del.) were described by Hinton et al. (4) . Positive identification of yeast genus or species required a similarity index score of 0.5 to 0.6 when compared with the Sherlock environmental yeast library (MIDI). Isolates with an index score higher than 0.5 are considered as "identified with a high degree of certainty." Fatty acid methyl esters extracted from Candida albicans were run with each set of experimental samples as a positive control. A select number of isolates (n = 20) were subjected to analysis by sequencing of the variable DI/D2 domain of large-subunit (26S) ribosomal DNA (7, 8) . Molecular analyses were performed by Applied Biosystems (Fresno, Calif.) and identified using MicroSeq and GenBank sequences. Isolates were selected so that most of the genera identified by the MIDI system could be analyzed by the maximum number of assay approaches. A portion of these isolates also were analyzed on the basis of biochemical reactions by three methods of yeast identification: cards engineered for use in the VITEK system, API 1D32C, and API 20C Aux (bioMérieux, Inc., Hazelwood, Mo.). These analyses were conducted according to the manufacturers' instructions.
RESULTS AND DISCUSSION
Yeast isolates characterized in this study were collected from plates used to enumerate yeasts and molds from washed and unwashed commercial shell eggs stored from 0 to 10 weeks. These data are described in detail in a previously published report (5) . Although several studies have been published concerning numbers of fungi associated with egg shells or contents, little attention has been given to exact yeast genera or species contributing to those populations. This study was conducted to identify yeasts species associated with egg shells. A limited comparison of chemical, biochemical, and molecular yeast identification methods also was performed.
A total of 380 yeast isolates recovered from PDA-plated rinses of unwashed eggs were identified with a high degree of certainty (as defined by the method) by gas chromatographic analysis of fatty acid methyl ester content. Genus or species for each isolate identified are listed in infectious, although some may cause opportunistic infections in immunocompromised individuals (1, 6) . A group of 20 of the identified isolates from unwashed eggs were subjected to molecular and biochemical analyses for comparison with the MID! results. Analysis and sequencing of the DI/Di domain of the large-subunit (26S) ribosomal DNA is considered the most accurate means of identification (7) . Although the results of the biochemical tests and ribosomal DNA sequencing were in agreement for 11 of the isolates, only 7 of the 20 MIDI-identified isolates were in agreement with the sequenced samples based on GenBank data. C. famata, an anamorph of Debaryomyces hansenii var. hansenii, was the most commonly identified isolate by both biochemical and molecular methods. These data indicate that there is little correlation between MID! system results and identifications based on the environmental isolate library, making it difficult to properly identify yeasts isolated from commercial shell eggs when the results are compared with information obtained from molecular databases. However, both systems were able to identify C. famara, which was the most common isolate found throughout the storage period.
Organisms such as Candida spp., C. ftmata, C. lusitan iae, and Hyphopichia burtonii were recovered in larger numbers (>20) and were encountered at many of the sampling points during the storage study. As for the broiler carcass study by Hinton et al. (4) , washing decreased yeast populations associated with egg shells. As described by Jones et al. (5), washing eggs decreased shell populations by I to 2.5 log CFU/ml when compared with unwashed eggs. Although fungal numbers increased significantly (P < 0.0001) on unwashed eggshells throughout the 10-week storage period at 4°C, fungal levels on washed egg shells averaged 0.5 log CFU/ml or less (5) . As a result, there were few washed egg isolates available for identification. Only five isolates recovered from washed eggs were identified: Candida spp., C. famata, Candida norvegensis, Candida zeylanoides, and Rhodotorula rubra. Candida, Kluyveromyces, and Zygosaccharomyces were the genera collected from broiler carcasses immediately following processing (4) . Candida was the most commonly recovered genus in the broiler study at all points during processing and storage, as was the case with unwashed eggs. Genera recovered from broilers but not from eggs included Kluyveromyces, Yarrowia, and Zygosaccharomyces (4) .
Identifications from all six methods are summarized in Table 2 . Species names that appear in bold match the identity obtained by comparing molecular data with the two databases, MicroSeq or GenBank. Species names also appear in bold if they are known to be anamorphic or teleomorphic with a species identified by molecular methods. The API strips gave results closest to those obtained by molecular methods, 83 and 64% for API 1D32C and API 20C Aux, respectively, compared with 28% for VITEK 2 and 35% for the MIDI system. API 20C is considered a reliable means of identifying many species that may be encountered in food (7) . In terms of cost of materials, the molecular analyses were most expensive at $50 per sample.
If samples were processed in house, the cost of sequencing and analysis was -$30 per sample (3). MIDI materials are less expensive (-$10 per sample) but require more effort to obtain cells of a specified growth stage on a specific type of medium and then process them through extraction and fatty acid analysis by gas chromatograph, making the procedure very time-consuming and labor intensive. Biochemical test kits ranged from $7 to $9 per sample. None of these estimations take into consideration technician salaries.
Washing decreased the number of yeasts associated with egg shells. In most situations, removal of these microorganisms may be more important than determining their identities, particularly because species identified in the current study have been associated only with opportunistic infections. At times, it may be important to identify the genus or species of yeast contaminants. In these cases, molecular techniques are clearly the superior choice. However, in the present study, biochemical testing using a commercially available strip system was equal or superior to fatty acid analysis for identifying yeasts to genus or species while being less expensive and less laborious.
